This paper presents a framework for the development of early-design guidance to inform architects and policy-makers using parametric whole-building energy simulation. The emphasis of the study was to identify and assess the benefit of energy efficiency alternatives primarily focused on the building's thermal envelope. The energy efficiency alternatives included performance adjustments to the external glazing, wall, roof, floor properties. The Result indicated the glazing selection should look to achieve the highest thermal resistance (Rvalue) and best solar control (lowest shading co-efficient value) within budget. Ideally a solar control low-e IGU system could be installed. Solar control glazing also reduced the required development cooling capacity by ~17%.
Introduction
Emissions from burning fossil fuels are the primary cause of the rapid growth in atmospheric carbon dioxide (CO2) [1] and natural gas and oil that are primarily used for heating and cooling as well as electricity generation in buildings play an important role in CO2 emissions (U.S. Congress Office, 1992) . Energy usage in buildings is responsible for approximately 33% of the total of final energy consumption and an important source of energy-related CO2 emissions worldwide [2] . In OECD countries, buildings cause about 30% of nationalCO2 emissions from the consumption of fossil fuels [3] . One of the ways of improving energy sustainability is increasing energy efficiency in existing buildings. However, investment costs for installing and/or replacing technologies with more efficient ones can be seen by the building owners an obstacle to achieve improvements in energy consumption. Consequently, this change affects both future CO2 emissions and future energy expenditures. Therefore, the initial investment decision for the new technologies should be given by taking future energy expenditure savings and reductions in CO2 emissions into account. This study is motivated by the need to use an analytical approach to select the right energy efficiency measures for improving energy efficiency in existing buildings with both environmental and financial considerations.
Designing energy efficient buildings with good indoor environment involves elements of expertise deriving from multiple disciplines such as architects, civil, mechanical and electrical engineers. With current emphasis on sustainability, including building energy and indoor environment, design requirements from the involved disciplines have become more important in the early design stages [4] . Therefore, building performance simulations (BPSs) are increasingly used to design buildings in early concept phase. Studies have reported that energy savings of up to 30% can be achieved through retrofit options in existing office and commercial buildings without compromising the indoor comfort [5] [6] . The greatest potential for optimizing the energy efficiency of buildings is in the early design stages [7] [8] [9] [10] Early concept design study has been done in this paper. The emphasis of the study was to identify and assess the benefit of energy efficiency alternatives primarily focused on the building's thermal envelope. Specialized building performance modelling software (IES-VE 2015) provided a platform for the energy modelling process.
The proposed building geometry was translated into IES-VE to create a 3-dimesional model, other modelling inputs into IES-VE included;
• lighting, equipment & occupancy gains, • operating profiles, • plant efficiencies, • thermal performance of constructions A "Baseline" energy model was defined to an equivalent New Zealand Building Code (NZBC) H1 model and the baseline annual energy use calculated. Proposed energy efficiency alternatives were assessed based on comparative performance to this baseline model.
The energy efficiency alternatives included performance adjustments to the external glazing, wall, roof, floor properties.
Building and site information
The development included office Pods spread over three levels, a Gym and Café with a gross floor area of approximately 5600 m2. Basement car parking provisions are also provided.
Building geometry
The geometry of both the proposed building was input in IES-VE to create the 3-dimensional computer model shown in Figure. 1.
Figure 1. Modelled Geometry -view from the South East

Simulation weather file and climate
2.2.1. Climate. New Zealand has a largely temperate climate. While the far north has subtropical weather during summer, and inland alpine areas of the South Island can be as cold as -10 C in winter, most of the country lies close to the coast, which means mild temperatures, moderate rainfall, and abundant sunshine.
Weather file.
The simulation weather file was derived from historic weather observations and represents an average or typical meteorological year. The simulation weather file was an International Weather for Energy Calculations (IWEC) file and contained hourly weather data including dry bulb temperature, dew point temperature, wind speed, wind direction, hourly solar radiation and illuminance data. 
Baseline energy model
The baseline thermal envelope performance figures Table 1 and Table 2 are based on the climate zone one requirements as defined by the NZBC H1 clause. Table 1 . Baseline Model -Thermal Envelope Assumptions
The modelled building façade, roof and floor areas are displayed in Table 2 . Any glazed spandrels are included within the solid wall area figures. Table 2 . Thermal Envelope Areas.
The modelled building façade, roof and floor areas are displayed in Table 2 . Any glazed spandrels are included within the solid wall area figures.
Building services assumptions
Several building services assumptions were made when generating the Baseline energy model and these assumptions were kept constant when assessing the proposed energy efficiency alternatives. A summary of assumptions relating to the modelled building services/systems are provided in Table 3 . Given the large number of small business pods and that each pod had a separate title it was very likely small dedicated HVAC systems would be installed for each pod. Baseline Model 1A reflects this assumption where each pod was modelled with an efficient heat pump system providing both space heating and cooling.
Thermal Envelope Element
Construction
Given the efficient space heating & cooling system of Baseline Model 1A, achieving the energy savings target was more difficult when compared to a more traditional chilled water system with electric heating elements.
Annual energy use (Baseline1A)
The SIM 01a baseline model was calculated to have an annual energy consumption of 140 KWh/m2 across the Gross Floor Area (GFA). The annual energy consumption by end use for the baseline model is displayed in Figure. 
Energy efficiency alternatives
An indicative square meter cost for each energy efficiency alternative was obtained from product suppliers, the glazing and opaque construction alternatives are displayed in Table 4 and 5 respectively. The indicative per square meter costs were multiplied by the relevant construction areas and a total cost was estimated for each energy efficiency alternative. 
Results
The following Table 6 summarizes the modelled energy efficiency alternatives and details the associated energy and financial implications with respect to the Baseline Model 1A Table 6 . Energy efficiency measures: anuual energy use.
1. For details on the energy efficiency alternative associated with each simulation reference refer to Table 6 4.1. Glazing The simulated solar control glazing alternatives had significant benefits to overall building annual energy use with the largest gains coming from solar control attributes. In addition to the energy savings associated with solar control glazing the required development cooling load was reduced by ~17%.
Wall and Roof
Wall insulation is not required within the NZ building code baseline model. SIM 03a modelled the thermal resistance of a wall at R2.0 which performed well. Roof insulation was required in the NZ building code baseline model. 
Combination of energy efficiency measures
The modelled SIM 05 which was a combination of the below energy efficiency alternatives provided energy saving of approximately 21.0 kWh/m2/yr • SIM02c -Solar control low-e IGU, • SIM3a -R2.0 wall insulation • SIM04b-High performance roof insulation R3.5 (R3.6 batts 200mm deep) The required development heating and cooling capacity for SIM 05 were both reduced by 34% and 28% respectively when compared to the Baseline Model 1A requirements.
Conclusion
The glazing selection should look to achieve the highest thermal resistance (R-value) and best solar control (lowest shading co-efficient value) within budget. Ideally a solar control low-e IGU system could be installed. The developed models in this paper provide an opportunity for MEP designers, owners, and facility managers to estimate energy consumption of the commercial office buildings at the earliest phase of the construction projects. It enables them to select energy consumption measures according to the goal of the project for saving energy.
